Introduction
The 2017 UNICEF-led report on the State of Food Security and Nutrition in the World contains both good news and bad news [1] . The good news is that the number of undernourished people in the world has declined since (Fig. 1) . Sadly, even this good news is tinged with bad; the decline was less than 20% and the very latest data suggests that the decline halted in 2015 and has now reversed. The other bad news is that rates of obesity have been climbing steadily over the past 40 years and that this rise affects all continents (Fig. 2) . In Asia, which started with the lowest prevalence of obesity and still has the best statistics, there is nonetheless some evidence that the rate of increase is accelerating.
It is this coexistence of malnutrition at each end of the spectrum that is termed the "double burden" of malnutrition. It represents a major challenge for emerging nations as their governments try to meet the health costs of caring for both conditions simultaneously [2] . This paper will discuss some of the basic etiological drivers and then use some country and regional case studies to try to capture some of the key drivers of the double burden and learn lessons for the future.
Undernutrition: The Basic Drivers
Undernutrition is classically defined by a body mass index (BMI) of less than 18.5 kg/m 2 in adults, and by 3 metrics in children (weight-for-age, WfA; height-for-age, HfA; and weight-for-height, WfH). In children, values less than -2 Z-scores compared to the WHO Anthrops reference values are respectively defined as underweight, stunted, or wasted. Wasting is a measure of acute malnutrition and stunting of longer-term chronic malnutrition.
It goes without saying that the primary drivers of undernutrition are all associated with poverty, which in turn tends to be associated with low levels of education, especially among girls who become the primary caregivers of children. This simplistic analysis conceals many complexities both in causation and in necessary interventions that are summarized in Figure 3 from the seminal Lancet series on Maternal and Child Undernutrition and Overweight in Developing Countries [3] . Figure 4 illustrates the very strong association between a country's level of wealth and stunting rates. Stunting is rare in wealthy nations and where it does occur it is likely driven by a specific pathology within the child or to be confined to recent or second-generation immigrants who have yet to escape from the long-term intergenerational consequences in their parents' and possibly grandparents' undernourishment. It is notable that there is wide diversity between stunting levels among the poorer countries on the left-hand side of Figure 4 . This emphasizes how progress against malnutrition can be achieved even in the poorest nations.
Nutrition-Specific and Nutrition-Sensitive Causes of Undernutrition
There is an increasing awareness that a child's nutritional status in not determined by dietary and nutritional factors alone. These operate within a constellation of other environmental influences that can impact their growth and health. For instance, a child's energy and nutrient status is determined by the cumulative balance between its intake and its utilization or losses. In young children, whose immature immune systems have to learn to cope with the many infectious and antigenic threats that surround them in unhygienic environments, the role of infections is thought to be paramount. This explains why early postnatal growth falls so far below the WHO reference curves in the first 2 years of life, as illustrated in Figure Figure 5 is replicated in all low-income settings as shown by Victora et al. [4] in their renowned meta-analysis of data from 54 low-and middle-income countries (LMICs) that formed the basis of the "first 1,000 days" concept. It is notable, at least in our Gambian data, that the children's nutritional status stops deteriorating at about 2 years of age and starts a partial recovery. The effects of the infections are thought to arise from the excess nutrient and energy drain needed to mount an immune response (especially the adaptive responses), from children's loss of appetite when sick and from malabsorption secondary to the condition of so-called environmental enteric disease, which is a chronic damage and persistent inflammation of the gut.
This strong link with early childhood infections and environmental enteric disease suggests that improved water, sanitation, and hygiene (WASH) should have a big impact on such outcomes, and large investments have been made to test this hypothesis. The largest trials have been the WASH Benefits trials in Bangaldesh and Kenya [5] and the SHINE trial in Zimbabwe [6] . The SHINE results are not yet fully published in peer-reviewed journals, but have been presented at meetings. The WASH Benefits results have been published recently [7, 8] . The trial arms that included improved infant and young child feeding (IYCF) advice showed evidence of improvements in growth, but the effect sizes were very small. Disappointingly, the WASH arms achieved no benefit. A possible interpretation of this is not that the concept is faulty but rather that the interventions were not nearly intensive enough. They improved latrines and educated mothers about hygiene and provided washing stands and soap, but they did not truly re-engineer the environment to give families the wherewithal to make substantive differences to their children's exposure to dirt and pathogens.
The Emergence of Overweight and Obesity Worldwide
Prior to the 1970s, obesity was a relatively rare condition even in the wealthiest of nations, and when it did exist it tended to occur among the wealthy. Then, a confluence of events started to change the human condition. The average BMI of populations in first-world countries started to increase and, consequently, there was a raid increase in the proportion of people overweight and obese. Serial state-by-state surveys in the USA from the 1980s onwards describe a remarkable transformation and associated surveys of diabetes show delayed but otherwise highly correlated trends. These data can be accessed and downloaded from the Centers for Disease Control (CDC) website (www.cdc.gov). Figure 6 shows that, unsurprisingly, the relationship between obesity (in this case plotted as childhood overweight and obesity) and country wealth is reciprocal to that for undernutrition shown in Figure 4 . As noted for the undernutrition statistics, there is a notable spread of prevalence rates among countries with similar levels of wealth. This partly reflects the fact that some countries have undergone very rapid economic improvements and their (predictably rising) obesity rates have not yet caught up, but it also captures true differences that may be related to national behaviors and health policies. For instance, a country such as the Netherlands with, among other things very high rates of cycling which are encouraged by cycle-friendly policies, has consistently lower obesity rates than neighboring countries such as the UK.
The factors leading to the obesity pandemic were several and complex. Food prices declined as a proportion of peoples' disposable income and the energy density of foods increased rapidly as foods were subjected to higher rates of extraction and refinement. An analysis of these trends in the UK demonstrated that such changes did not seem to greatly increase average per capita food intake, and thus an alternative (or additional) explanation was required. The same analysis showed that sedentary lifestyles and the associated reduction in energy expenditure probably played (and still plays) a major role [9] . Genetic effects cannot explain these rapid population shifts in obesity, though they can help to explain which individuals within any given population will be more or less susceptible. Recent research has revealed that epigenetic effects may explain a much greater proportion of population variance than genetic effects [10, 11] and this has implications for prevention as discussed below. The Demographic Switch in Social Groups Most Susceptible to Obesity
In poorer nations, it is generally only the rich who can, and do, become obese, but as nations pass through the demographic transition a switch occurs and the wealthier strata tend to be less likely to be obese and the poorer strata more likely. The photographs in Figures 7 and 8 show relatively wealthy women waiting for their appointments at the diabetes clinic and yet poorer women similarly afflicted; this is from a country in which the switch is in the process of playing out.
Within many poor countries, especially in Africa, there are 2 notable features of obesity distribution as illustrated in Figure 9 for The Gambia [2, 12] . First, there tends to be a strong urban-rural gradient with much more obesity in townships and cities. Second, within those urban areas, women are often much more likely to be obese than men (see the white and light-grey areas at the top right hand of Fig. 9 ). There are deep social reasons for such trends [13] and an understanding of them is important in designing interventions.
The pace of the demographic transition is such that in some regions of the world it is not uncommon to see stunted children living in households where one or both of their parents (usually the mother) is clinically obese [e.g., 14].
National Challenges Posed by the "Double Burden" of Malnutrition
The poor and emerging nations of the world are, by definition, the least able to bear the health costs of treating serious nutrition-related conditions such as severe acute malnutrition and obesity-related diabetes. As a consequence, treatment facilities are often poorly equipped and staffed, and hence the case fatality rates for such conditions are much higher than in rich nations. The photographs in Figures 10 and 11 were taken on the same day in a tertiary level hospital in urban Africa. The bed-ridden woman was awaiting amputation of her diabetic foot (reported by the surgeons as one of the most common operations they performed). The malnourished child was in a ward directly below the adult ward, graphically illustrating the juxtaposition of the two extremes of malnutrition and the terrible challenges that this poses. When considered in the context of the high additional burden of treating infectious diseases, it is no wonder that so many health systems are failing. A visit to such hospitals can be a traumatic experience for visitors used to topquality first-world medical care.
Solutions
A decade ago, the UK government published the seminal Foresight Report [15] that attempted to collate all the available evidence about the drivers of the obesity epidemic and to use this knowledge to construct recommendations for government action. The report acknowledged that the metabolic mechanisms regulating (or failing to regulate) energy balance in humans were central to all efforts, but that these were influenced by a wide variety of social and environmental determinants that were rapidly changing in our modern world. They drew up a complex "systems map" to describe these influences and used it to press the case that strategies against obesity must be developed by almost every government department from health to transport, housing, education, and sport, and all must have the support of treasury. Though developed for the UK, these lessons are applicable everywhere.
The World Health Organization has convened expert groups on obesity and noncommunicable diseases and is constantly updating the evidence base used to plan recommended initiatives [e.g., 16, 17]. These are backed by ancillary reports on mechanisms to achieve these ends such as fiscal measures against sugary drinks [18] and development of a global action plan to promote physical activity [19] . The report on childhood obesity makes a large number of recommendations [17] , indeed probably an overwhelming number for low-income countries that already have major challenges in strengthening their school systems.
A relatively new element of all of these efforts is the recent appreciation of how important it is to consider both ends of the malnutrition spectrum with a life-course lens. In other words, to understand that childhood undernutrition has prenatal and probably intergenerational origins [11, 17] . Most children who are stunted at the age of 2 years were already stunted at birth [19] and were born to small mothers. Likewise, a malnourished fetus may adopt a "thrifty phenotype" [20] that is better able to accrue fat in later life if exposed to an obesogenic environment and is therefore at special risk of inappropriate weight gain.
Prospectus for the Future
The economic advancement and associated demographic transitions that are happening in most countries except those marred by conflict will ultimately bring a natural decline in undernutrition. Progress in recent decades has been good in all continents except Africa as a whole; and even here there were many nations that achieved their Millennium Development Goal of halving malnutrition. However, unless the governments and peoples of these emerging nations are able to learn lessons from the countries that have passed through the transition before them, they will incur a huge burden of overweight and obesity. The challenge therefore is first to recognize the impending threat and then to take cross-government actions to halt the epidemic and its associated health crisis. The greatest hope lies in the fact that most governments are at least aware of the threat; finding the bandwidth and resources to tackle it would bring long-term gains in health and wealth to any government that can achieve it.
